Summary &horbar; The role played by membrane lipid environment on cardiac function remains poorly defined. The polyunsaturated fatty acid profile of myocardial phospholipids could be of utmost importance in the regulation of key-enzyme activities. This study was undertaken to determine whether selective incorporation of n-6 or n-3 fatty acids in membrane phospholipids might influence cardiac mechanical performances and metabolism. For 8 wk, male weanling Wistar rats were fed a semipurified diet containing either 10% sunflower seed oil (72% C18:2 n-6) or 10% linseed oil (54% C18:3n-3) as the sole source of lipids. The hearts were then removed and perfused according to working mode with a Krebs-Henseleit buffer containing glucose (11 mM) and insulin (10 UII1). Cardiac rate, coronary and aortic flows and ejection fraction were monitored after 30 min of perfusion. Myocardial metabolism was estimated by evaluating the intracellular fate of 1-!4C palmitate. Sunflower seed oil and linseed oil feeding did not modify either coronary or aortic flow, which suggests that cardiac mechanical work was not affected by the diets. Conversely, cardiac rate was significantly decreased (-18%; P < 0.01) when rats were fed the n-3 polyunsaturated fatty acid rich diet. Radioanalysis of the myocardial metabolism suggested that replacing n-6 polyunsaturated fatty acids by n-3 polyunsaturated fatty acids: i) did not alter palmitate uptake; ii) prolonged palmitate incorporation into cardiac triglycerides; iii) reduced beta-oxidation of palmitic acid. These results support the assumption that dietary fatty acids, particularly n-6 and n-3 fatty acids, play an important role in the regulation of cardiac mechanical and metabolic activity.
Résumé &horbar; Influence de l'apport alimentaire en huile de lin ou en huile de tournesol sur quelques paramètres mécaniques et métaboliques du coeur isolé et perfusé de rat. Le rôle joué par l'environnement lipidique membranaire sur la fonction du myocarde reste mal défini. Le profil en acides gras polyinsaturés des phospholipides cardiaques pourrait avoir une influence considérable sur la régulation de certaines enzymes clés. Cette étude a été réalisée pour savoir si une incorporation sélective d'acides gras n-6 ou n-3 dans les phospholipides membranaires responsible for a decrease in the n-6/n-3 ratio in cardiac phospholipids (Rocquelin et al, 1986; Swanson et al, 1986; Hartog et al, 1987; Nalbone et al, 1988) . On the other hand, these changes in cellular lipid environment may induce noticeable alterations in cardiac function (Hock et al, 1987; Grynberg et al, 1988; Lamers et al, 1988) 
Fatty acid composition of the hearts
The hearts were excised (n = 6) and the lipids extracted according to Folch et al (1957) . Phospholipids were isolated using a Sep-pack cartridge (Juaneda and Rocquelin, 1985) . The fatty acids were transmethylated with BF3/methanol and analyzed by gas chromatography on a Carbowax 20 M-AT column.
Perfusion procedure
The animals were anesthetized with diethylic ether vapors and heparinized via the saphenous vein (= 500 IU heparin, Sigma Chemical). After rapid thoracotomy, the hearts were quickly removed and immersed in a 4 °C Krebs-Henseleit solution until they stopped beating. They were then perfused at 37 °C via the aorta according to the Langendorff procedure with a KrebsHenseleit medium containing glucose (11 mM) and insulin (10 0 Ulfl). To provide the hearts with enough oxygen and to maintain the extracellular pH at 7.4, the Krebs-Henseleit medium was continuously bubbled with carbogen (95% oxygen -5% carbon dioxide). During this period, the left atrium was cannulated and after 15 min of Langendorff perfusion, the hearts were perfused according to working mode (Neely et al, 1967 Bizerte et al (1964 (Dagnelie, 1975) . The results thus concern the oil effect (Oef), the time effect (Tef) and the cross-interaction (CI) of these 2 factors, which indicates a difference in the time evolution of the 2 groups.
RESULTS
The fatty acid composition of the phospholipids is shown in table II. The differences can be seen in the n-6/n-3 ratio which varies from = 10 in groups S to 2 in group L. (fig 1 ) was similar at 1 min post-injection (pi) in n-6 and n-3 PUFArich hearts and then decreased with time, indicating a similar uptake of 1-!4C palmitate. As attested by the significant F value of diet-time cross-interaction, cardiac radioactivities followed a different evolution with time: in rats fed linseed oil, the decrease in total radioactivity was weak between the first and the fifth min pi, whereas replacing n-3 PUFA by n-6 PUFA allowed a more pronounced decrease during the same interval. These results may be associated with a difference in fatty acid metabolism. To further clarify these dietary-induced differences, a radioanalysis of myocardial hydrophobic and hydrophilic components was carried out during the first 5 min following 1-!4C palmitate injection. Hydrophobic compounds contained free palmitate and its esterified forms (fig 2) , whereas hydrophilic products resulted from palmitate oxidation and included radiolabelled acetyl CoA and Krebs cycle intermediates. The dietary-induced differences observed in total myocardial radioactivity may be related to the radiolabelling of hydrophobic components (fig 2a) . The radioactivity decrease in the hydrophobic compounds was more pronounced in group S than in group L. Since radiolabelled lipids cannot retrodiffuse in the extracellular space in the absence of albumin in the perfusion fluid (Spector et al, 1965) , one might expect the larger decrease in radiolabelled lipids observed in group S to be associated with a greater production of labelled hydrophilic compounds. However, this was not the case (fig 2b) since neither oil effect nor cross-interaction were found to be significant on the hydrophilic fraction. These observations suggest an accelerated betaoxidation and a higher oxidation of the hydrophilic components in the group S hearts.
Mechanical function
The time-evolution of radioactivity in each lipid class is presented in table IV. The radioactivity in free fatty acids decreased rapidly between 1 and 2.5 min pi and then plateaued until the fifth min pi, indicating a very rapid oxidation of the radiolabelled free fatty acids in water-soluble products or incorporation into complex lipids. The unexpectedly elevated plateau of radioactivity observed between 2.5 and 5 min pi could appear contradictory as compared to previous results reported by others using the non-working rat heart model (Cuchet et al, 1685) . In such a model, the labelled free fatty acids were rapidly metabolized and disappeared completely from the myocardium within the first 2 min pi. In the working heart model, the maintenance of radioactivity in unesterified fatty acids might be related to the injection mode and could be due to extracellular fatty acid-albumin complexes bound to the atrial and ventricular walls. Diglycerides followed a time-evolution of radioactivity similar to that of free fatty acids, which indicates rapid diglyceride synthesis from 1-!4C palmitate and further transformation of the diglyceride fraction in triglycerides and phospholipids. Nevertheless and C22:4 n-6, an increase in C22:5 n-3 and C22:6 n-3, and a reduction of the n-6/ n-3 ratio in cardiac phospholipids. Thus, dietary linseed oil mimics the effect of fish oil on the fatty acid composition of membrane phospholipids (Hock et al, 1987) .
The decrease in n-6/n-3 ratio in the membrane phospholipids did not induce any change in the cardiac mechanical work of isolated perfused hearts, as already reviewed (Lamers et al, 1987 (Fassina et al, 1983) , and ii), catecholamine production and agonist release from nervous cells which is known to modulate cardiac rate. The magnitude of agonist release could differ with the nervous cell fatty acid profile and the receptor response could also be modulated by the lipid microenvironment of cardiomyocyte membranes (Hoffmann, 1986 and the evaluation of mitochondrial function would allow the effect of n-6 and n-3 PUFA on cardiac rate to be elucidated.
